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SECTION 1

INTRODUCTION

Dur ing the past few years, under the sponsorship of the Air

Force Geophysics Laboratory , we have developed an i nfrared radi ati ve

transfer model for cloudy atmospheres with applications to the inference

of clou d compositions from satellites . We have appl i ed the infrared

transfer model to VTPR (Vertical Temperature Profile Radiometer) for

the NOAA 4 satelli te (Liou , et al ., 1978), and to HIRS (High Resolution

Infrared Sounder) of the Nimbus VI satellite (Feddes and Liou , 1 978),

to invest igate the cloud effect on these temperature and water vapor

sounding channels and to explore feasible means for the inference of

clou d compositions. Highl ights of these studies were summarized in a

fina l report by Liou , et al . (1978).

S ince nonprec ipit at i ng and prec ipit a ti ng low clouds are nor-

mally opaque to therma l infrared radiation , their composition and

structure informa tion may best be derived from microwave sensors . Thus ,

we have recently focused our attention to the Nimbus VI SCAMS (Scanning

Microwave Spectrometer) and ESMR (Electronically Scanning Microwave

Radiometer) data for the purpose of deriving quantitative liquid water

contents and rainfall ra tes for low clouds and precipitat ion , res pec-

tively. In line with our infrared studies , use of SCAMS data to infer

meso-scale li quid water content has been recently demonstrated (Liou

and Duf f , 1979).
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On the basis of our previous studies it is quite evident tha t

a proper combi na t ion of i nfrare d and mi crowave measuremen ts coul d re-

sul t i n opera ti onall y s ig nifi can t data for vert i cal and hor i zontal

liquid wa ter content mapping. It is also apparent tha t the success of

determining cloud/preci pitation composition and structure in disturbed

weather systems depends on the availability and completeness of synoptic ,

radiosonde and cloud data . We feel that it is imperative to document

comprehensively the atmospheric parameters in conjunction with the co-

l ocated satellite data so that analysis and empirical retrieval could

be carried out successfully. For this reason , we have selected four

cases where detailed studies of the dynamic and synoptic aspects have

been conducted for different types of weather systems . These include

seve re loc al storms , tropical disturbances , summertime convection and

wintertime mid-latitude cyclones. All of these cases occurred in the

United States during periods when infrared and microwave satel lite

data from the Nimbus VI satell ite were available in addition to the

conven tional meteorolog ical observations.

The objective of this scientific report is to present and

d iscuss in an organized and coherent manner the conventio nal atmospheric

parameters and the associated SCAMS , ESMR and THIR data from the N i mbus

VI satell ite .
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SECTION 2

CASE STUDIES

The synoptic situations are discussed in this section for

all the cases. The relevant weather charts and GOES imagery are pre-

sented for the observational times nearest to the Nimbus VI orbital

passes.

2.1 Tropical Disturbance

A synoptic system with Nimbus VI data coverage occurred ~hen

cloud remnants of hurricane Eloise (1975) moved across the southeastern

United States. This system reached landfall near Fort ~Ja1ton Beach ,

Florida at approximately 1200 GIlT 23 September as shown on the surface

map in Figure 2.1 with strongest winds of 110 kt reported at Panama

City . Hurricane Eloise rapidly weakened as it progressed northward

into southeastern Alabama . By 1600 GMT 23 September , it was classified

as a tropical storm as its central pressure increased and the winds

diminished to less than 35 kt. Heavy precipitation continued around

the center of the surface low as the system merged with a weak station-

ary front that had previously extended northeast-southwest froiii the

~/i rgini a coastal reg ion to the central Gulf of Mexico (Figure 2.1).

Th moisture sources for the precipitation appeared to be low level

residual mois ture from the stationary front and convective activity

around Eloise ’ s low center. For this study , detailed analyses and

ru - rical computations were carried out for three successive nap times

3 
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at twelve hour intervals beginning at 0000 GMT 24 September.

2.1 .1 ~~~~~~~~~~~~~~~~~~~~~~ Eloise was downgraded to a tropi-

cal depression twelve hours after landfall and was centered over the

Georgia--Tennessee border as shown in Figure 2.2a. Warm core character-

istics , that are typical of many tropical storms , were evident by a

clearly defined maximum in the 500-1000 mb thickness of approximately

581 dm over the surface center at this map time . The warm core feature

was also suggested by the -4°C isotherm at 500 mb in Figure 2.2a.

GOES satellite pictures were very useful in determining the

d~stributi on and evolution of the cloud field associated with Eloise.

Infrared i~age~ (10.5 to 12.6 pIn) from SMS— l are shown in Figure 2.3

f Lr three synoptic times that correspond to Figure 2.2. Grade shades

are assigned to temperatures between 29° and —75°C according to the ZA

enhanced graj’ sca le desc rib ed in the GOES/SMS User ’ s Gu id e (Cor bell ,

et al ., l~ 77). White areas in Figure 2.3a correspond to middle and

high level clouds , partic ularly in the reg ion ahead of the cold front

and also nor th of the surface low cen ter over Ken tuc ky and Tennessee .

Coldest tops were located around the surface cyclone and in the convec-

tive rr-- :~ion southeast of the storm center , although they were not easil y

di 3 ce r nb l e in the photographs reproduced here . Other interesting

features that were barely discernible included areas with dark gray

shades over Alabama and Mississippi . These represented ~~ level s tra-

tus clouds with warm cloud top temperatures that were not much colder

than the warmer land temperatures in the adjacent cloud free areas.

Intense convective activity was present in the radar summary

that was nearest to the first map time . Figure 2.4 shows echo tops at

1l~ 5 ‘~ 4T extended above 35,000 ft and were iribedded in two thunderstorm

5
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lines just east of the storm center over northern Georgia. Scattered

convective activity was located along the Atlantic coastal region from

North Carol i na to Florida. It should also be noted that a separate area

of scattered echoes was located over Arkansas and was associated wi th

the eastward advancing 500 mb trough . These weak echoes were rotating

around the low in the cyclonic flow at 500 mb and later merged with the

cloud remnants of hurricane Eloise as the 500 mb trough moved east.

Heavy rainfall amounts occurred at this map time . Precipita-

tion accumulations for the six hour period , centered at 000Q GMT, showed

values in excess of an inch,and one station (Asheville , N.C.) reported

2.26 inches (Figure 2.5a). The heavy amounts over eastern Tennessee and

Kentucky were associated with warni,moist air overrunning cool, moist air

behind the frontal zone while amounts east of the center were associated

with convective activity . It should be noted that in this study rain-

fall data included only National Weather Service stations equipped with

recording rain gages.

2.1.2 1200 GMT 24 Septenjber_1975. Within the twelve hour period

ending at 1200 GMT 24 September , the warm core characteristics of Eloise

disappeared as a tongue of dry air moved over the surface low and the

upper level trough advanced eastward . Figure 2.6 shows the movement of

dry air i nto this system at 700 mb . For example , maximum values of

specific humidities (more than 2.5 g kg ’1 ) were centered just to the

east of the surface low at the first map time and were replaced by much

l ower values in the southerly flow within the followi ng twelve hours.

The moisture and streamline fields at 500 mb (not shown ) indicated dry

air was already over the surface low at higher levels at 0000 GIlT

2~ September 1975. This dry tongue of air separated the convectively

10 - 
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uns table moisture source over the coastal region of the eastern United

States from the moist air circling around the 500 mb cyclonic vortex to

the west over Tennessee.

T here was a d rama tic decrease i n prec ipit ation around the low

center by this second map time. Radar reports (not shown) indicated

this ..tr ~ was covered by widely scattered echoes with tops below

20,000 ft. Convective precipitation continued only in the warm air

sector ahead of the cold front and was absent elsewhere . Figure 2.5b

shows six hour rai nf all amounts were less than 0.20 inches at all the

recordir .-j precip itati .3n stations in the southeastern United States1 and

only 0.01 inches or t”aces were observed near the surface cyclonic cir—

c u~~atio r center. In Figure 2.3b , stratifon clouds coincided with the

low level cyc~on i c c i rcula t ion and we re c~ntered approximately over

central Tennes ;ee beneath the 500 nib trough. It is appa rent that light ,

sL~ble ye c ipit ati or~ was predominant around this cyclonic flow.

2.1.3 0000 GMT 2~~~~ptember 1975. During the next 12 hours the rem-

nants of Eloise continued to separate into two cloud systems . One

moved northeastw-~rd in the southwesterly fl ow ahead of the 500 mb

trough. The other system remained west of the Ap palachians as a low

level cloud field and continued to circulate about the cyclonic vortex

as the surface low filled by another 4 mb and slowly moved north near

the Kentucky- -Virginia border (Figure 2.2c). The SMS— 1 infrared picture

at this time (Figure 2.3c) shows a circu lar ,cut— off feature in the low

le el cloud field with a small area of higher level clouds imbedded in

the 500 mb low over Illinois and Indiana. The cold front continued to

move east,and it extended from the surface low through the central

L 

Carol i nas and i nto Flo rid a .
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Precipitation accumulations for the six hour period , centered

around the third map time , were less than 0 03 inches at a few stations

in northern Georgia; otherwis e the precipitatio n around the surface

cyclone center had ended as shown in Figure 2.Sc . However , soi;ie convec-

tive precipitation persisted ahead of the cold front to the south over

centra l Florida and off the southeastern coastal region over the Atlantic.

2.2 Severe_Local Storm

On the afternoon and evening of 14 April 1976 , severe thunder-

storm activity developed over the Central states and continued on the

nex t day . During this period there was data coverage by Nimbus V I . The

syno pt i c wea ther pa ttern was charac ter i ze d by low l evel conf luen t flo w

in a frontal boun dary with warm , moist southerly flow ahea d of the front

and dry westerly fl ow behind it. Difluent , anticyclonic niotion was pre-

sen~. in the upper levels and provided favorable conditions for convective

act vity to develop wi thin very unstable air near the frontal zone. In

this section these synoptic features will be traced from the period

0000 G~1T 13 April to 0000 GIlT 16 April , using the 700 and 200 mb charts

and the 850 nib moisture field.

2.2.1 700 Mill Winds and Surface Fronts. On 0000 GMT 13 April

a stationary front extended from the Florida peninsula through the Gulf

Coast states to a warm front over Texas as shown in Figure 2.7. This

frontal system was very weak and it dissipated on the fo1lowi m~i day as a

hig h pressure ridg e develo ped over the Great Pla i ns sta tes . E v olu ti on

of these features is evident in Figures 2.7 throug h 2.12 which show the

surface frontal positions superimposed on the 700 nib height and

temperature fields. A low level ridge was well defined at 700 nib

14
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Figure 2.11. Chart of 700 nib surface for 1200 GIlT 15 April 1976; solid
lines are contours (gpm ) and dashed lines are isotherms
(°C); surface frontal positions are superimposed .
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F i gure 2.12. Chart of 700 rnb surface for 0000 GIlT 16 April 1976; solid
lines are contours (gpm) and dashed lines are isotherins
(°C); surface fron tal positions are superimposed .
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i n F ig ure 2 .8 an d exten ded nor thwar d from the Gul f of Mex i co , across

Lou isiana and into the centra l United States. The entire ridge was

mov i ng eas twar d , as a trough over the western U.S. and an associated

col d front were moving slowly eastward across Arizona and Utah i nto

New Mex ico and Colorado (Figures 2.7 and 2.8). On 14 April a short

wave trough moved rapidly eastward across the northern Great Plains and

sou thern Cana da. By 15 April the eas tward mov i ng cold front was loca ted

over the Great Lakes regi on an d extende d sou thward across the wes tern

Pla ins through eastern Colorado and into eastern New Mexico (Figure 2.11).

On 0000 GIlT 14 April convective activity developed ahead of this frontal

system in the northern Plain states.

Within this period , the 700 mb ridge moved eastward into the

Mississippi River Valley, an d low level southerly flow advec ted mois tur e

northward intc the Centra l states. By 1 200 GMT 14 April , pronounced
war m a i r advec ti on over Texa s retar ded the eas tward r idg e movemen t over

the Gulf Coast states,and this part of the ridge retrograded (Figure 2.9).

On the next day this system began to move eastward again. During the

period from 1200 GMT 14 April (Figure 2.9) to 0000 GIlT 15 April (Figure

2.10), the col d fron t from sou thwes t Texas th rou gh the cen tral Pla i ns

con ti nu ed to move very slowl y eastwar d becaus e the m id -level flo w was

parallel to the front.

In Figure 2.10 , confluent southerly flow was present over

Texas whi le southwes ter l y f low preva i le d ahead of the fron t fu r t her

north. In addition to the confluent pattern , the 700 nib flow was warm

and dry ahead of the fronta l system . The low level warm air advection

helped increase the instability of the air mass over the Centra l states.

Intense convective activity continued through 15 April.

18



Figures 2.11 and 2.12 show the shift of the 700 mb wind flow and surface

frontal position during this time .

2.2.2 200 Mill ibar Winds. In the upper levels at 0000 ~~ 13 April

(Figure 2.13), relatively high wind speeds extended across the Southern

and Eastern sta tes. Figures 2.13 through 2.18 show the 200 nib he ight

field and isotach analysis. At 0000 GIlT 13 April an extens ive ridge

covered the Central U.S . and Canada wh ile a trough was locat ou over the

West Coast. Between 0000 GMT 13 April and 0000 GMT 14 April , both the

ridge and trough moved eastward .

By 0000 GIlT 14 April wind speed s of 35 ms~~ weakened over

Oklahoma and northern and oestern Texas, but still continued over the

Southwestern , Southeastern , and Gulf Coast states as shown in Figure 2.14.

Between 0000 and 1200 G~1T 14 April. the area of hi gh wind speeds over the

Southwestern states began tu separate with the northern branch moving

steadily northeastward , while the southern branch moved east~5ard and

merged with the hi gh wind speeds over southern Texas. This resulted in

pronounced difluent flow over the area where severe thunderstorms subse-

quently developed.

By 1200 GMT 14 April (Figure 2.15), the northern branch of

strong winds in excess of 45 ms~ was located over central New i~exico

in a northeast—southwest orientation. The southern branch over southern

Texas was somewhat stronger with 55 ms~~ wind speeds and was oriented

east-west across Mexico and the Gul f Coast states. An area of difluence

extended between these two branches of the flow .

Figure 2.16 shows that by the next day the core of maximum

wind speeds in the northe rn branch extended from riexico and New Mexico

to Iowa . Wind speeds of 55 ms~ extended into New Mexico while

19
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Figure 2.13. Chart of 200 mb surface for 0000 GIlT 13 April 1976; solid
lines are contours (gpm) and dashed lines are isotach s
(� 35 ms 1 ) .
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Figure 2.14. Chart of 200 mb ow face for 0000 GIlT 14 Apri l 1976; solid
l ines are contours (gpm) and dashed lines are isotachs
(~ 35 ms l).
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Fi gure 2.16. Chart of 200 mb surface for 0000 GIlT 15 April 1976; solid
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(~

. 35 ms 1).
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Figure 2.18. Chart of 200 mb surface for 0000 GIlT 16 April 1976; solid
lines are contours (g pm) and dashed lines are isotachs(
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50 ms~ wind speeds covered most of Texas. The area of difluence ex-

tended across a major portion of the Great Plains. The significance of

this type of motion field in severe weather situations has been described

by MacDonald (1977).

During the next twelve hours (0000 to 1200 GMT 15 April), the

core of maximum wind speed of the northern branch continued to move

northeastward to the Great Lakes , and crossed the ridge axis , and began

to move southeastward into New York as shown in Figure 2.17. This speed

core north of the difluence area produced anticyc lon ic shear in addition

to articyc lonic curvature over the thunderstorm area . High wind speed s

in the southern branch shifted southward with the core center moving

from south central Texas to the southern tip of Texas.

By 0000 GIlT 16 April , the ridge was building northward over

the Great Lakes and into Canada (Figure 2.18). High wind speeds in the

northern branch had diminished considerably and moved eastward by this

t ir e.

2.2.3 850 Mi lli b ar Moisture . Another important synoptic feature

assoc iated with this severe weather case was the low level moisture

field. Detailed analyses of relative humidities from rawinsonde data

were carried out for the 850 mb level. Figures 2.19 to 2.24 show

these analyses with contours drawn in ten percent increments. Southerly

flow ahead of the trough began to advect moisture from the Gulf of

~4exico into the Central states in the low levels on 13 Ap ril 1976. A

comparison of Figures 2.7 and 2.19 indicates the moisture advection on

13 April 0000 GIlT. At this time moist air was present up to 500 nib

ove r par ts of Texas an d Okla homa , but during the next twenty—four hours

the aid-level moisture advected eastward and was replaced by dry air

from the west (relative humidities less than 10 percent) at the 700

23
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and 500 rob levels.

Moist air at 850 nib , which had been in western Texas at 0000

GMT 13 April and moved into the Texas Panhandle in the following 12 hours ,

was replaced with dry air by 0000 GMT 14 April (Figure 2.20). Between

0000 and 1 200 GMT 14 April a slight pressure rise over Texas , coupled

with a weakening in the pressure gradient over New Mexico behind the

front , i ncrea sed the low lev el mo i sture advec ti on over wes tern Texas

(Figure 2.21).

Su rface temperatures an d dew po int s also i ncrease d ahea d of

the frontal system prior to the outbreak of convective activity . By

1800 GIlT 14 April surface temperatures along and ahead of the front in

the area of intense thunderstorms , from sou thwestern Texas to nor thwes t-

ern Iowa , were in the high 70’s to low 80’s . These tempera tures avera ged

10°F warmer over Texas , Oklahoma , an d Kansas , and 5°F warmer over eas tern

Nebraska and Iowa than in the previous twenty-four hours. The surface

dew point temperatures remained essentially constant over Texas and

Oklahoma during this period but increased by 5°F over Kansas and eastern

Ne braska , and by 100 to 15°F over Iowa . The dew point temperatures de-

creased rapidly across the front and indicated the presence of a strong

moisture gradient. The wi nd fl ow ahead of this gradient was moist and

southerly while it was dry and southwesterly behind it. This gradient

extended through a deep l ayer and is depicted at 850 nib in Figures 2.21 ,

2.22, and 2.23.

By 0000 GMT 15 April the 850 mb moisture field decreased over

wester n Texas , eastern Kansas , and eastern Nebraska after thunderstorm

activity developed through these areas. More low level moisture advected

i n to eastern Iowa , Il linoi s , and Wisconsin (Fi gure 2.22) and provided

the moisture source for the thunderstorm activity which moved into
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southeastern Minnesota and southern Wisconsin during the follow ing

twelve hours.

Moisture returned to western Texas by 1200 GMT 15 April (Fig-

ure 2.23) and to the Central Plain s states by 0000 GIlT 16 April (Figure

2.24) as low level southerl y flow moved from the Gulf of Mexico into

the Centra l States through this period .

2.3 Summerti~~ ptic Scale Clouds

For this case , interest was focused primarily on conv i- . tive

activit y over the north-central U.S. in the afternoon hours of 22 iwc;ust

and 25 A~~~~t 1975. Synoptic maps and satellite pic~ures in this dis-

cussion are centered around these two t mes when N imLus VI pro~ided good

coverage.

2.3.1 ~ypop~jc case for 22 Au~ ust 1975. The major sui~fuce features

at 1200 GIlT are shown in Figure 2.25. High pres sure areas were oer tcr~c

over western Ontario and the southeastern United States and were separ-

ated by a fronta l system that extended westward from a low pres sure

center over southeaste rn Maine to a weak low over southwestern Nebraska .

A cyclone with a 1004 nib closed isobar was located over southern Alberta .

An occluded front was associated with this low and reached southward ii ;t c

Montana and then extended southwe~tward as a cold front to northern Cali-

fornia.

The 500 nib chart for the corresponding synoptic time is shown

in Figure 2.26. The prominent feature was a 500 mb ridge teat extended

from the central Mississippi Valley to northern Ma nitob a and indicated

the westward tilt with height of the surface high pressure centers.

Very weak temperature and hei ght qrad ients extended across the southern
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Fi gure 2.25. Sea lev el pressure map ~.ith ‘ronts . Isobars are drawn at
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Figure 2.26. Ma~;- of the 500 rob level . Solid lines represent contour
hi ights (dm) and dashed lines isotherms (°C).
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half of the United States while stronger gradients were located over

southern Canada. Two troughs were identified in the flow , one over

British Columbia and the other over eastern Quebec . The troughs were

associated with the surface lows over Maine and Alberta .

The surface chart for 12 hours later is shown in Figure 2.27.

Both surface hi gh pressure centers moved eastward during the 12 hour

period ending at 0000 GIlT 23 August. The low center over Maine moved

eastward and deepened to 1001 nib, and the associated cold front pushed

southward into southern New Jersey and Pennsylvania. The frontal system

in the Midwest shifted northward while frontolysis occurred further west

and only a lee side trough rema i ned along the eastern Rockies. The

cyclone over Alberta moved northeastward and deepened to 995 nib and the

associated fronta l system advanced into Saskatchewa n and eastern Montana

by 0000 GMT 23 August.

The 500 mb chart that correspond o to the surface map in

Figure 2.27 is il 1 ustrated in Figure 2.28. The trough systems showed

progressive eastward displacement across southern Canada with some am-

plification and stronger northwesterly flow over New Eng land . The

500 mb ridge also moved eastward with the west -rl y current , and the

height gradients strengthened over the northern Great Plains and up-

stream from the ridge. Weak , ant i Vyc l onic circulation continued over

the southern United States.

The GOES visible and infrared pictures for the t u e  closest

to the Nimbus VI orbital pass are shown in Figures 2.29 and 2.30. Ton

prominen t cloud areas were:l) the cloud band t c -~t e xt i-ni ed from South

Makota to Pennsy lvania ,and 2) the cloudiness cente’ed over ~a ni t - L i .

The cloud band was associated with the f ont. i l system that e x t i- ’ i - ~ed
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Finure 2.28. Same as Fi g. 2.26 except the map is 12 hours later.
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across the northern United States while the second cloud area was re-

lated to the prefrontal activity east of the low pressure center over

Alberta . The infrared image indicated multi-level cloudiness with some

convective activity imbedded in the frontal cloudiness.

The radar summaries for the corresponding synoptic times are

shown in Figures 2.31 to 2.33. An east-west band of echoes was located

along the front from Lake Ontario ~o Nebraska at 1235 GIlT. Thunderstorms

developed within 12 hours along this front and appeared as a line of

echoes over southern Wisconsin as shown in Fi gure 2.33. Another area o~

echoes occurred along the Gulf Coast at all three radar map times. These

echoes were widely scattered as evident in the 1800 GMT GOES imagery

(Figures 2.29 and 2.30).

Figures 2.34 and 2.35 show precipitation accumulation for 6

hour periods ending at 1800 GIlT 22 August and 0000 GIlT 23 August . Pre-

cipitation was observed wi thin an elongated region along the frontal

zone in the Midwest and East where the amounts were generally less than

0.50 inches. Small areas of precipitation were also observed along the

Gulf Coast and over the Rocky Mountains. An extensive area of precipi—

ta ti on occurre d over Saska tc hewan an d Man it oba an d No rth Da kota a hea d

of the surface low to the west.

2.3.2 Synoptic case for ~~~~y~ust 1975. The major surface features

over the United States and Canada at 1 200 GIlT are depicted in Figure 2.36.

A deep low pressure center with a 984 mb closed isobar was present over

central Canada. A cold front extended south of the low into central

Ontar io an d sout hwest wa rd to Kansas . From th ere, the front extended

across southern Kansas and through a weak low in western Oklahoma and

ln to southern Colorado. A warm front was present over the Great La~ ’ - ~
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Figure 2.31. Radar sumary with areas of radar echoes depicted by
sca l lo ped l i nes .
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Figure 2.32. Same as above except the time is 6 hours later.
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Figure 2.33. Radar summary with areas of radar echoes depicted by
scal lo ped li nes .

reg i on an d in to New York . In general , strong pressure grad i ents occurre d

w it h the cyclone over central Cana da and the nor thern Great Pla i ns but

were rather weak across the rest of the United States which is typical

of a summer time wea ther re gi me .

The 500 mb flow at 1200 GMT on 25 August was characterized

by a well defined trough over Manitoba as shown in Figure 2.37. The

trough was associa ted with the Canadian cyclone and was characterized

by stron g he ight gra d ien ts east of the trou g h an d col d a i r to the west

over Mon tana and western Canada. A ridge was located downstream from

the trough and the ridge axis extended north-south over western Quebec .

Weak ant icyclonic flow prevailed over the southeastern United States

and l ower C a l i f o r n i a .

Durin g the next 12 hours the Canadian cyclone moved to Hudson

Bay and deepened to 980 mb,and the col d fron t progresse d across On tar i o

- 
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Figure 2.36. Sea level pressure map with fronts. Isobars are drawn
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Figure 2.37. Map of the 500 mb level . Solid lines represent contour
heights (dm) and dashed lines isotherms (°C).
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and intn the Grea t Lakes region as shown in Figure 2.38. Further south

in the Midwest , the frontal system moved slowly eastwa rd and remained

stationary over Oklahoma and Texas. The sea level pressure gradients

a t 0000 GMT 26 Au gus t were somew ha t weaker compare d to the previou s ma p

time (Figure 2.36) and indicated the Canadian low was beginning to dissi-

pate .

The corresponding 500 nib flow is shown in Figure 2.39. The

500 nib trough , associated with the Canadian cyclone , also progres sed

eastward an d ex h i bit ed l ess ve rti cal ti l t  w it h the sea level pressure

field than at the previous map time . Anticyclonic flow continued to

p redom i na te over eas tern Canada , southeastern United States and lower

Cal i fornia. There was a pronounced decrease in 500 mb heights over

eastern Texas and Louisiana. This was partly due to eastward movement

of the ma jor trou gh to the north an d was fol l owed by advec ti on of mo i st

trop ical flow from the Gulf of Mexico into Texas.

The GOES visible and infrared satellite imagery that were

ava ilable at the time of a Nimbus VI orbital pass on 25 August are

shown in Fi gures 2.40 and 2.41. The prominent cloud feature was the

cyclone over Canada wi th a well defined spiral cloud pattern around

the surface low center. A frontal cloud band extended from approximatel y

Lake Mic higan to Kansas wi th numerous convective clouds ahead of the

front over M issouri. Another area of cloudiness was located over

Louis iana and eastern Texas and was associated with moist southerly flow

from the Gulf of Mexico. Cumulus cloud lines with anticyclonic curvature

were present in the high pressure center over the southeastern United

States. Remarkabl y clear skies were present over the southeastern United

States wi th a cloud free zone stretching northeastward to the Grea t Lakes
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Figure 2.38. Sea level pressure map with fronts. Isobars are drawn
at 4 nib intervals.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ 
:~
:
~ :.‘~~

LEVEL - 500 MI ~, II •(‘
~

‘

~~~~~
“<.5

~~~~.,
,_” .

‘ ,

Figure 2.39. Map of the 500 :nb level . Solid lines represent contour
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req ion behind the cold front.

The radar summ aries for th i s si ua tion tire depict ed in ~~~~~~

2.42 to 2.44 for three 6 hour time int~’~~a1s beginning at 1235 GMT

25 August . Radar echoes occurred at all thi rt’ map times for an area

centered over Missouri. These ec hoe s were a ssoci a t -t with the cold

front as well as prefront al convect ive acti vi ty dnd devel oped up to

64,000 ft. By 0035 GMT 26 August , a line of echoes ext e ’ ded across

tlis souri and e~tster n Kansas as shown in Figure 2.44. Prefrontal insta-

bility ~~ evident from lifted index values of less t~an -4 over a large

area ahead of the cold front. Echoes were also present along the Gulf

coast and the eastern Great Lakes region.
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-

Figure 2.42. Radar sununa ry with areas of radar echoes depicted by
scal lo ped li nes.
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Precipi t . o t i L r I  u un tS for 6 hour p erio d s end ing at - 1800 GMT

25 Augus t and 0000 Gt - ’T ‘c A u - ius t are shcu-in i t  Fiyu r c-~ 2.~~ and 2.46.

Two t ’x t on1 iv e dr -ea -~ of prec i p i t o t  on i’.’/’OL~ located it - the t - ~r t hc /  t. ~~t

Pl ains along the Canadian border and from the northeast ern ( r r ~
j L b - i r e

to ~ie~ E mi l m d .  Prc-~ i~-i tatio r - amounts in tee irst area were less t !.or

0.50 ii c hes and ~ece associated w it h t h ’  Car adian cyclone and t~ : cold

front. it u-o- not possible to determine hov. far ; -jrth the p r e c i p i t a t i o r

extended because of lack ot data . T he c cor d prec ipitation a re~i was

associated u it h the ~crm front dur ing the f rst 6 hour period and con-

vec t i~ e activity liter in the day . ~rve ral st - -ti ons in southern Ontario

reported over o ne i cc h  of rain.

-in inportant precipitation are c over the United States occurred

5~l o n g  t ee col d fv ’01 ’ t  in I oj , Illinois a n  fliss ouri where a line of

t~~’de rstorm s produced more than 4 inches -it one station. Si gnifica nt

prec ipi tation amount ’.- ~-;erE- also pr .Iduced along the Golf Coast.

2~ ~1nter - t ioe~ f i id_ la t i t Lde Cv~j one

This case wcs selecte’:’ from a February l~ 76 s,~~ic-~~tic si -tior

wt~er. a mid-latitude cycl cr - e went througn a comp le te 1 i f~ cy c l e  as it

moved ac ro ss the n~ted States. To’s cyclone was well ~i o f i ’ e - .1 seve ra l

days be~nre it or t e r e c  t he U.S. at the Orenor- Coast or- 18 February . As

the system moved across t ue intermo unta in reg ion i~ wea~.e ncd , part icu-

larly in the l ower troposphere. By 1200 GMT 20 February . the s i r  ~- p t iC

system emerged on thr lee side cf the Rock~ Nirui tain s and developed

m t  a major storm in eastern Colorado on the fo ll ow in g ~~~ A ut- t ailed

synopt ic investigation was carried - .-u t for th~- period t~ Febru ary  20

to 22 when good satellite data coverage wa s provided by ‘~ir ibu s V I.
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2.4 1  o p , ~~ituation at 1200 GMT 2O Februajy l976 . At thi s

first map time , the developing cyclone was present in northeast

Colorado with a central low pressure of 996 mb as shown in Fi gure 2.47.

The systeu~ tilted west with height with the 500 nib trough centered over

the four corners area . Coldest air at 500 mb was located upstream from

the trough ,and the thee- il advectio n pattern favored further intensifi-

cat ion of the cyclone.

The confi gurat ion o f fr -ou t s with this cyclone oi - somewhi.

similar to the classical cyclone model. A cold fr ont stretched from

the low pressure ee r lf .er across northern Mexico and into the eastern

Pacific Ocean. 4 ~iarm front exten ded to the sou theas t a cross U~ la homa

and the l oi-ior Mississippi Valley . A noted difference in this case from

t -r e class ic al cyclo ne model , but typical to this geographic area , was

the absence of a wel l defined pressure trough along the cold front.

Inst ejc , t.ne surface trough was located ~ar ahead of the front and was

over ~io ’~tern Texas and central M2xico. This trough form ation was

att,~-ibuted to barrier effects on the westerly flow by the Rocky Mountains.

Figure 2.47 shows the 6 hour precipitation accumulations for

the periad ending at 1200 GMT. The precipitat ion area of interest extended

across southern Wyoming and nort-ierr Colorado and into Uta h where the

su rface pressure gradients were the strongest. Generally, the precipi —

t~tion occurred in the form of snow with amounts of 1 to 4 inches at

lower elevations. Snow was falling along the eastern slopes of the

Roc kies in northern Colorado and southern Wyoming and was partially de-

tr~~t e c ’1 by ra da r a t 1235 GMT .

P r~ frunti l weather was characterized by remarkably dry condi-

tiors. The 850 and 500 mb relative humidit y analyses in Figure 2.48

dep ict an extensive area with values less than lO~
. at 500 mb over

-17



r ~~~

-.V -- - - . - -  
V --—- .

~~ 

—

— ~~ ‘ -~.- ,~ \ -
~~~

~~~~~~~~~~~
~ ~~~~~~~~~~~ J

I

~~~~ 

- i ~J
~_ _ _ _ _ _ _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1;
\~~~J~~ 

4

_ _ _ _ _ _ _ _ _ _ _  
.

- - -
~1~

-- ~‘HLI

.18



I
- ~~~~~~~ ‘~~~~~~~~ ,~~~~~~~~.- - 

~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ ‘ 5 .
_

\ 

~~~~~~~~~~~~~~~~~~~

Figure 2.48. Relative humidity analysis at 1 200 GMT 20 February 1976
for the (a) 500 mb level and (b) 850 mb level .
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New Mexico arid northern Texas. Th 0 GOES—East infrared image at this

synoptic time (Figure 2.49) showed a relatively clear zone extending

southwest to northeast between hi gh cloudiness over ce - t , rci l Texas and

the clouds behind the cold front in Colorado. Vertica l motion fields

for the 900, 700, and 500 ~ih levels at this time were ri sirv~ th r c -. gho ut

the area around the sur t ’ice low center with st rurg est ascent in the lo- .’i~ r

troposphere over Kansas ahead of the warm front. Figure 2.50 indicates

rising motion amounted tc - - ore than -5 ~b s~ at 900 and 700 n~h in this

area . Absence of clouds in the ascending a r  over northern Texas may

be attributed to the io~i relative humidities.

2.4.2 ~y~~ptic S it u a t i o n  at 0000 GMT 2 1 February 1976. By the

second map ti - j e the surface low moved to central Kansas as shown in

Figure 2.51 . The central low pressure indicated no deepening at the

su rface; however , pressure gradients rema i ned strong west of the low

and underwent noticeable strengthening to the north of the system . A

warm front stretched eastward from the lo~-~ cen ter to Kansas an d so uth-

east into Mississippi and across the Gulf of Mexico to the Florida

Peninsula. A cold front reached southward through the Bi g Bend area

of Texas and then southwest to Baja California. A third frontal zone

extended into Nebraska from a weak low in the northern branch of the

westerlies over Canada and was underqoing frontolysis.

The 500 mb map (Figure 2.51) indicated the trough was well

defined and approached the cut-off stage over southeastern Colorado.

Cold air advanced into the trough as a ridge moved inland over the

Pacific Northwest. Warm air advection at 500 nib continued ahead of

the surface low in Kansas and in advance of the surfice warm front.

Extensive areas of precipitation were initiated at this

50



_______ —-5—-- -

_ _ _  

I

. f~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
>
~

~~~~ ~ . - - ~ - :~~~
‘
~~~~

“ r.~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— V c’.j

- 
V 

~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _  

I

~~: ~~~~~~~~~~~~ ~ -‘ 
.

~~~~~~

, 

: 
_ _ _ _ _

51

L V . . - —--.V V— ..
~~~~~

-- --— - - - 5 - - 5—- V-

~~~

-— 



r 
- - - --- - - -W •— -~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~ -~~~~~~~~~~~~~~~~~~~~~~..~-

I,, 
— 

I 3 ’~ I.9,,,~~~_ -~I ~~~~ - - -

-0

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

I

!500 V V
- - - - 7:- ~~~~~~~~~

I i~~~~
-” 

a

700 
_ _ _ _ __ _ _ _ _ _ _  _ _ _  

-

Sc

~
Figure 2.50. Total vertical motions for the 900. 700 and 500 mb levels

at 1200 GM T 20 February 1976. Isopleth interval is 1 ~b s~’.
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synoptic ti r e. North /- rd strea rming Culf moisture experienced substantial

lif t ing ov e’ the ~arm front and resulted in an east-west ori ?rted band

~f m c st l, snow across I owa . The overrurnirg precipitation area extended

into Nebraska and coincided with the strong pressure gradients and

cyclonically curved isobars. Snow continued in the upslope flow along

the eastern Rockies. A line of thunderstorms developed in the wa rm air

sector just ahead of the cold front across (klahoma and Texas in the

unstable warr~r air where lifted index values were less than -4. This

unstable air also contributed to the precipitation echoes over the

• l ower Mississippi Valley .

The relative humidity analyses for the 850 and 500 mb levels

(Figure 2.52) depicted the dry air behind the cold front. Relative

humidities of less than 10% at 500 mb extended northeastward over the

surface low in Kan sas and values less than 30t were present at E~5O mb

over western Texas. This dry area and the moisture to the east

spiralling around the cyclone center were nicel y depicted in the

V GOES—East infrared im age in Figure 2.53.

The vertical motion fields are shown in Figure 2.54 and indi-

cate the system was somewhat more inten se than at the previous map time.

Rising motions at 900 mb strengthened to —8 .b s’
~ north of the cyclone

center in the area of strong pressure gradients and cyclonic flow.

Values of —6 - .b s~ extended up to 500 mb ahead of the warm front

in the area with warm air advection. Areas with high humidities and

ascending motions compared favorably with the cloud fields.

2.4.3 Sy~~ptic Situation at 1 200 GMT 21 Feb rua,ry 1976 . Th I s synop t i c

tine was the most interesting of the sequence because of the or ~~ual

evolution into an occluded systeiri (Figure 2.55). The surface low moved

54 
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Fi gure 2.52. Relative humidity analysis at 0000 GIlT 21 February 1976

for the (a) 500 mb level and (b) 850 mb level .
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Figure 2.54. Total vertical motions for the 900, 700 and 500 mb levels

at 0000 GIlT 21 February 1976. Isopleth interval is 1 ~b s~~.
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slowly eastward acr ’o-~s Komisas durirr o the pr t- v ious 12 hou r s ~e i le t ht-

cold front m oved rap idly eastward and occluded with the w o e s  f ront as

fm’ east as Indiana . The wa r-r - r air -o ctor fori- i r d a narrow wedge Let oee- r

the cold front along the 1-l ississi ppi River and the warm f r o n t  to the

east. Strongest pressure gradient s remained orm th e north and west

sides of the occluded cyclone.

On the 500 rib map in Figure 2.55, a deep t r . ~~ir was cen tered

over Kansas with one closed isobar . Pronounced cold air advection was

present  i n the t rough , and coldest temperatures were located upstream

over Colorado. Strongest 500 nib hei ght gradient s appeared ahead of the

t rough  axis over Arkansas , t- iissouri , and Illinois and explained t~,e

rapid advancement of the surface fronta l syste-r in this case.

The precipitation activity was the most intense during the

12 hours ending at 1200 GMT 20 February . Six hour rainfall amounts

(Fi gure 2.55) exceeded 1 inch at several stations along the cold front

as the line of thunderstorms lengthened and maint - ri ned its strength.

Snow fell along t~-e north side of the occluded front and on the west

side of the surface low center ~•4-i t h in the area of strong cyclonic flow

at low levels.

ThL relative humidity anolyses at 500 and 850 nmb (Figure 2.56)

continued to show the dry air behind the cold front and extending into

the cyclone at 500 nib. An elongated area with relative hu mi ridities

greater than 7O~ extended from the Texas coastal reg ion to the eastern

Great Lakes and spiralled around the dry tongue to the west side of the

surface low .

The GOES-East infrared image revealed the middle and high

level cloud pattern at this synoptic time (Fi gure 2.57). A cloud

vi’j r t ey  center was evident over eastern Kansas and coincided with the

59
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Figure 2 56. Rela tive humidity analysis at 1200 GMT 21 February 1976
for the (a) 500 mb level and (h) 850 mb level .
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closed contour at 500 nib. Coldest cloud tops occurred in the line of

thunderstorms along the cold front over the l ower lississippi Valley .

The vertical motion fields are illustrated in Figure 2.58.

Areas of strongest ascending motions were slight ly weaker than the ones

for the previous 12 hours. The 900 nib omega patt erns showed two centers

of rising m otion , one over Ohio and another along the occluded front in

southern Iowa . The center of strongest ascending motions over Ohio and

Indiana extended up to 500 mb but rapidl y disappeared with hei gh t near

the low center in Kansas. This was attributed to new development over

Indiana as the Kansas cyclone dissipated . Strong subsidence was pre-

sent in the dry air over Texas and in the wake of the cyclone over

Colora do .

2. 4.4 ~yn~ptic_Situation for 0000 GMT 22 February 1976. The Kansas

low c~ iip letely dissipated by the last synoptic time, and the l owest

pressure was located over Indiana and amounted to 1002 mb as shown in

Fi gure 2.59. Pressure gradients weakened around the low center, especially

in the northwest quadrant of the system . There was also a weakening at

500 nib where the closed low evolved into an open wave and therma l advec-
I,

tion decreased in the vicinity of the cyclone.

The precipitation amounts decreased fronm earlier map times

~t t h’~ overall extent of precipitation coverage remained nearly the

sa-re as indicated in the distributi on of radar preci p itation echoes in
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pronounced decrease in the area of values with more than 70’, at the

500 mb level (Figure 2.60). The dry tongue with relative humidity

values less than 10% continued to extend over the surface low at

500 nib and separate moist air to the east of the system from moisture

to the west. However , values greater than 70% were present at 850 nib

around the entire low center. Cloud tops in the GOES East infrared

image in Figure 2.61 did not appear to be as cold as in Figure 2.57;

however , the sp iral cloud pattern continued to persist around the

cyclone system .

The vertical motion fields (Figure 2.62) also indicated a

decrease at this synoptic t ime . Strongest ascending motions were

present near the cyclone center and were weaker than 12 hours earlier.

Omega values in the subsiding dry air southwest of the cyclone center

were also weaker. These four sequences of synoptic events covered a

period when this mid -latitude cyclone evolved through a complete life

V cycle. Data from the Nimbus VI orbital passes will help supplement

the conventional observations and provide opportunities to improve the

anal yses of var ious meteorolo gical parameters.
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Figure 2.60. Re1a~ ive hu rr id io analysis at 0000 GM T 22 Februa”y 1976f~r the (a) 500 ntr level and (b) 850 nib level.
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Fi gure 2.62. Total vertica l motions for the 900, 700 and 500 nib levels
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SE CTION 3

ANALYSI S OF NIMBUS V I DATA

This section presents analysis of ESMR , SCAMS and THIR data

from Ninmbu s VI. A similar objective analysis procedure was applied to

all of the satellite data in order to merge the data from successive

orbital passes and to commmpare with analysis of conventional meteor-

ologic al data .

The objective analysis procedure transferred Nimbus V I data

from scan points along the orbital path to a latitude-longitude grid

& rray on one map. The basic analysis technique was similar to a scheme

used by Cressman (1959) except the preliminary analysis was omitted in

order to avoid contamination fronm other data sources. Data at each grid

point were computer analyzed from the fol l owing relationshi p
V where a weighting factor , W~, was used to interpolate scan point data to

the nearest grid point

n
D2—d 2

1. - = 
~
— , where W =

~ h ~
~ws 5

and is the satellite observation for a g iven scan point near the

grid point (i ,j), d5 is the distance of the s-th satellite scan point

from the grid point location and D is the analysis scale size. When-

ever d5—D at a given grid point , W5=O. After a number of experimental

V analyses were carried out , values chosen for D were 2.5° latitude

(227 km) for the SCAMS data and 1° latitude (111 km) for the THIR and

ESI1R data . It should be noted that whenever data voids occurred along

the subsatel lite path or between successive orbital passes , anomalous
69
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gradi ents funned because no fir st guess field WUS used. To nmi n irr l i ze

th is effec t , aven’o-jed data for the entire nma p ~-~~‘r ~~ ’ i r t ~~- r polated to the

grid poi n ts with no satellite data. The inil yzed maps were then printed

on a Ca l Comop piotter.

3.1 SCAMS Data

Nimbus VI SCAM S radiometer scans to each side of the subpoint

track and provides nearly full earth coverage every 12 h. The SCAMS

consist ef five channels. The first is centered at 22.235 GHz, located

on a weak water vapor resonance. Channel 2, centered at 31 .€5 GHz , is

located in a spectral window , where the atm osphere is essentially trans-

parent. Channels 3 (52.85 GHz), 4 (53.85 GHz) and 5 (55.45 GHz) are on

the edge of the 60 GHz oxygen band having the peak weighting fur ,.t ions

approximately at the surface , 4.9 km and 14 kni , respectively. The

ground resolution of SCAMS is about 145 km at nadir and 330 kr- at 43°

from nadir.

Brightness temperatures from all 5 channels on this instrument

were analyzed over the United States for 10 orbital passes by Nimb us V

on 22 and 25 August 1975 and 20 to 21 February 1976. These anal y ses

are shown in Fi gures 3.1 .1 to 3.1.20. In addition , surface rv flectivi —

ties were analyzed for the February case .

In general , the water vapor channel (1) at 22.235 GHz and

the a tmospheric window channel (2) at 31.65 GHz indicated the largest

gradients of brightness temper ati res along coast lines while the other

three channels in the oxygen band e~oibited considerably smaller gra-

dients. Fi gures 3.1.1 and 3.1.2 show the contrast between land and

ocean in the charnel 1 and 2 data for the 22 August 1975 case. Bright-

ness temperatures were generally less than 200°K over’ oceins and greater
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than 27O~K over land . Relativel y low br ig htness temperatures were pre-

sent over inland water bodies such as Lake Winnipeg and the Great Lakes.

Sim i lar br ig htness temperature fields appeare d i n the data

from these two channels on 25 August 1975 except for a cold spot over

Texas where the temperature was less than 250°K. This low temperature

was attri buted to ins trument no i se or a data error . Compar i sons wi th

radar echoes at this time (Figure 2.43) and 6 hour precipitation accumu-

la tions (Figure 2.45) indicated soil moisture could not be an explanation .

Analyses of brightness temperatures from the three oxygen bands

on 22 August 1975 are shown in Figures 3.1.8 to 3.1 .10. Temperature dif-

ferences amoun ted to less than 25 °K between the warmes t and col dest

values for channel s 3 and 4 and less than lO°K for channel 5. The de-

pendency on v iew i ng angle was most pronounce d i n the channel 4 tempera-

ture analys i s over land areas where highest temperatures occurre d along

the subsatellite track. Temperatures decreased toward the north in

channels 3 and 4 data , wh i le temperature gradi ents were reverse d i n the

channel 5 data . This can be explained by the level of largest energy

contr ibution being located in the stratosphere for channel 5 and in the

tropos phere for channels 3 and 4.

The brightness temperatures for the wintertime mid-latitude

cyclone are depicted in Figures 3.1 .11 to 3.1.22 and show features

similar to the summertime case. Temperature contrasts were evident

alon g coas t l i nes and reflecte d emissiv i ty d i fferences between land and

ocean for data from channels 1 and 2. However , more meteorological i n-

formation was apparent in the brightness temperatures derived from

c hannel 3. For exam p le , a comparison of Figure 3.1.13 vnth GOES-East

infrared i~dge in Figure 2.49 indicated brightness temperatures greater

_ _ _  -~~~~~~~~~ 
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_
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than 268°K coincided with the band of dense clouds over Texas and Mexico.

Lower temperatures over the Great Basin (<248°K) were associated with

the cold trough at 500 mb in Figure 2.47.

Reflec tivities were available on the Nimbus VI data tapes and

were anal yzed in addition to the brightness temperatures. Fi gures 3.1 .21

and 3.1.22 show the reflectivity analyses for 20 and 21 February . Values

greater than 50% occurred over the oceanic regions while values less than

10% were loca ted over land . Some notable variations were found in

Figure 3.1.21 where reflectiv ities exceeded 20% over the United States.

One area was l ocated north of the cyclone center over Nebraska where

clou ds and precipitation were produced in the core of strongest ascending

mo tions. The synoptic maps and vertical motion fields closest to the

satellite observations were discussed in Section 2 and were shown in

Figures 2.51 and 2.53. A second area was centered over Utah and was

possibly related to clouds and precipitation behind the cold front and

within the area of cold air advection at the 500 mb level .

3.2 ESMR Data

The Nimbus VI ESMR receives the thermal infrared radiation

from the earth-atmosphere at 37 GHz. The ESMR measures both horizontal

and ver tical components by using two separate radiometer channels. The

resolu tion of the ESMR is between 25 km near nadir to 125 km at the end

of the scan sweep.

The emissiv ity of water surface at 37 GHz is generally less

than about 0.5 depending on such parameters as roughness and foam cover

and therefore on the wind at the surface . On the other hand , the

emissiv ity of a land surface is typically greater than 0.9 depending on

the soil characteristics. Thus , the brightness temperature contrast
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between land and water is generally greater than l0O°K and so the out-

l ines of the land and water is quite vis ible in the ESMR images . The

emissivities of ice and snow cover have been observed to be a function

of water content within and they are subject areas requiring further

investigation. Moreover , we also note that brightness temperatures

of rain clouds and fl ooded areas are l ower than those of surrounding

dry land surfaces. However , rad ia ti on emi tted by calm wa ter sur face s

is strongly polarized compared to that emitted by clouds. This

polarization distinction leads to the possibli lity of discriminating

between cloudy areas and lan d surfaces covered by wa ter both of wh i c h

give colder brightness temperatures . In view of these factors, the da ta

received by ESMR will be affec ted by clouds , rain and surface character-

istics and so information on all these variables requires physical

interpretation and proper radiometric analysis. It is qu i te apparent

that a comprehensive synoptic, radi oson de and cloud data base assoc iated

with ESMR data is essential to the extraction of the information con-

tent of clouds , rain and surface properties.

All the available ESMR data includ i ng the brightness temper—

atures correspondin g to the vertical and horizonta l polarization for

eight orbits covering the summertime (22 and 25 August 1975) and winter-

time (20 and 21 February 1 976) cloud cases are contoured on the appro-

priate geographic maps. Let the vertical and horizonta l brightness

temperatures be T~ and T~, respectively . We define the average bright-

ness temperature and degree of linear polarization , respectively, as

follows :

TB = (T
~~
+ T

~
) /2

95
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(%) = 
T~ - TB X 1 00%
TB + TB

These two parameters are also mapped along with the vertical and hori-

zontal brig htness temperatures .

Figures 3.2.1 - 3.2.4 show the contours of the brightness

temperatures for the hor i zon tal , vertical and average components , and

the percentage of polarization , respectively, for 22 August 1975.

The maps for 25 August 1975 consist of two orbits; one covers

the western region and the other corresponds to the central part of the

United States. Figures 3.2.5 - 3.2.3 are for the western orbit and

Figures 3.2.9 - 3.2.12 are for the central orbit.

Ma pping of the meso—scale ice/water content covering the area

from 40 to 55°N and from 90 to llO °W utilizing the HIRS and SCAMS data

based on empiri cal parameter i za ti on fo r 22 and 25 Augus t has been com-

prehensively reported by Feddes and Liou (1978) and Liou and Duff (1979).

In conjunct i on w ith these i nves ti gations , we examine the ESMR patterns

of the avera ge brightness temperature and percentage of polarization

(Figures 3.2.11 and 3.2.12). There appears to be no direct correlation

between the amount of ice/wa ter content and the contour lines of these

two parameters because of the larger scale employed in per forming the

ma pping. However , it is believed that a more detai led analysis for

the ESMR data for scales com par ab le to those use d by Fedd es and Liou ,

and Liou and Duff would provide valuable information regarding cloud ,

rai n and surface char ac ter i s ti cs . M i crowave ra di a t ive tran sfer calcu-

lations using the available synoptic , radiosonde and cloud data will

also be needed to physically understand the quantitative effects of
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Figure 3.2.1. Brightness temperatures of the horizontally polarized
component in the 37GHz band from the ESMR experiment
on Nimbus VI . Note : There is a small displacement in
the data along the orbital path as evident in the tem-
perature fields near coastal areas. This may be attri-
buted to errors in earth l ocation using standard
satellite ephemeris information . Al so, values of iso-
therms in the ESMR da ta should be increased by 50°K.
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Uj Irse va r ia i. les on the briI~htness temperature ar Id po la r iza t ion  observed

L - . ESMR.

The ESMR data corresponding to the wi nterti m e cloud ca~e

are available for 20 and 21 February 1976. Figures 3.2.13 - 3.2.16 are

t v  20 Fehr~ary 1976 covering the central part üt the United States.

Tvt c  orbits a t e  ava i l a b le  on 21 Februiry 1976. T i e data for the eas~~
and cent ra l orbits are depicted in Figu res 3 .2. 17 - 3 .2.20 und Figures

3 .2 .2 1  — 3.2 .24 , respect ively ,  inspection of the average h~ iyn t r f tc ;

te:-iperature contours in this case reveals greater variations compared

to the summertime cloud case. This is due to the large cloud cover

(~~e Fic-L ’-e 2.53) and the variable surface condition during the ~iinter —

time. To und rr- tand the detailed average bri ghtness temperature and

percent - Ic~e of polarization signatures in relation to cloud compositions

and structure aga~n requires physical irterpretation by means of micro—

wave T d ~ ia tive transfer calculation.

A detailed analysis of equivalent blackbody temperatures were

carri ed Out for the 11 .5 and 6.7 1.Im channels of the THIR instrument on

Nimbus V I. Da ta were ava ilab lefor a portion of orbital pass 4134 over

tne United States on 15 Apri.1 1976 when intense convection was present.

Analyze d maps of equ i valent blac kbody temp era tures are shown i n F i gu res

3.3.1 and 3.3.2 for the atmospheric window and water vapor channels.

Temperatures less than 220°K were observed in both channels and were

assoc iated with convective clouds. Low temperatures are denoted by

shaded areas in Figure s 3.3.1 and 3.3.2. Hi ghest temperatures exceeded

300°K in the 11 .5 pm channel and appeared in cloud free a reas over

Mexico an d South Dakota .
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Ind ividua l THIR scans were studied in order ~o r-aiII ine the

small scale vaniat ~~I1 l i~~V of equi vV I l e r I t  hlac~ t-od y t - ~-pera tur ) Figur l -

3.3.3 shows an ex ai Ip le of erie swath u~ da ta JI ross rn ldhuI IUi and Te~~ s

where convective and low level clouds were present. or - ou ;pdni oun , ô

GOES visible image is SC ~~~ IWf l  i l l  Figure 3 . 3 .4  ~.- i  th tC(- locat on I,~~ tn-

ind ividual T -II R s car superimposed . Muc ’ detail wa s found in thl ~~~~~~~~

data ~e UU V C  o f the re lativ e ly high C 1 V i - l U t I O f l  I ‘ V ’  I t L SCAMS.

It ~-~a - int eresting to note I II  Figure 3.3.3 that eN u iv ul ent

blackbody tempera t e ~
- - in the 11.5 om channel were as m U C h  as 8°K colie~-

t h an  in ~~ t - V -  
~~ ~r ic channel in conv ective cloud reg i ons near ~LW , 9~~ W ,

and 103 ~ lon gi tud e~ . I t is possible that  the E- .7 cm ~J t e  vapor c har .n ~- 1

- lrt€-c ted moi S t j c  e inj ected into he 1 aw -r S t r a  te - phoce ~~~~ 
t ee conve ~ tive

v t C vi~~- . Water vapor above ihv t ropopause ~- iou1d n- c~ve a h igher te - 1 -- c -

a ta r e than the cloud top t e r p e r l t - .r1 1 - t . - I . t ed  b~ Y e 11 .5 - nc window

ch a nnel .  At higher te l- Ipe ratures and i n the abse nce ct inversi on- , the

ll .5 - rn equivalent blackbody teo peratures are a1~~ yo lia r er ~an ti e

6.7 ~m temperatures. This was evident between 990 and 102 ~ 1on g it~ des

in Figure 3 .3 .3 .
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